Seven pancreases from nondiabetic autopsy cases were submitted to morphometrical analysis of the islets of Langerhans as a preliminary investigation of the diabetic pancreas.
pancreas.
The pancreatic islets were approximately simulated by spheres of different sizes randomly dispersed in the three-dimensional space; thereon the parameters of Weibull function assumed for the distribution of islet radii were estimated stereologically from chord length measurements on histologic sec tions taken from different portions of the pancreas.
By means of the estimated parameters topographical comparison of the number, volume, mean radius and size distribution of islets in a unit volume was performed. The islet distribution appeared to change the pattern gradually according to the position from the pancreatic head to the tail: the head was characterized by abundance of small islets that corresponded to a slightly higher islet population thereat, whereas the tail by moderate increase of larger islets that caused a steep increase of islet volume here. To estimate parameters for the whole pancreas a histologic section from a range between the midposition of the pancreas and the one-fourth position from the splenic end was regarded to be a fairly good representative.
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The pancreatic islets are regarded as a group of spherical or ellipsoidal bodies of different sizes randomly dispersed in the three-dimensional space. In quantitation of the islets in the pancreas, as has been stressed by some authors (Lazarus and Volk 1962; Warren et al. 1966) , it is impossible to make an adequate estimation immediately from observations of distribution of islet sections on a histologic slide.
Using a large number of alternate serial sections from a monkey pancreas, Thompson (1932) and Thompson and Hussey (1932) made an attempt at analyz ing the density and frequency distribution of the volume of the three-dimensional structures for which they did not consider any appropriate geometrical model. For assessment of the population density they measured the diameter of randomly selected islets in the rectangular direction to the pancreatic sections, and for the islet volume determination integrated the areas of all islet sections belonging to the same islet by means of planimetry. The method was applicable only to a limited number of cases, because it took much time. Wicksell (1925 Wicksell ( , 1926 , a pioneer of the corpuscle problem, derived a mathematical relation correlating the distribution of sphere diameters to that of circle diameters on a test plane to examine the distribution of Malpighian follicles in the spleen; further he extended the correlation to the case of ellipsoids. A few decades later Hellman (1959a, b) applied the equation system derived by Wicksell to the human pancreatic islets, and showed extremely skew curves of the islet distribution with the highest incidence of the smallest diameters in all cases examined. Regards to their skewness, however, the size distribution curves calculated were not brought to precise comparison between individual cases with appropriate parameters. Suwa et al. (1964) first attempted in their analysis of cirrhotic nodules of the liver to estimate the parameters of a theoretical function assumed for the sphere distribution from measurements of the length of chords delivered by interception of a test line with the sphere group. In a recent report of Suwa et al . (1976) , various methods for estimation of the sphere distribution were discussed; and the parameter estimation with the chord length was shown to be preferable to that with the circle diameter at least for the pancreatic islets . It is because the error of the estimates caused by omission of small and indiscernible islet sections was minimized in the former method.
Since Opie (1900) it has been reported frequently that there would be more numerous islets in the tail than in the head and body of the pancreas . However, the conclusion does not seem to be substantiated by a reliable quantitative method. In the present report the topographical difference in the islet distribution is examined with some pertinent parameters . This is a preliminary investigation for morphometrical analysis on the pancreatic islets in the human diabetics . The whole pancreas was sectioned to 40 sagittal slices which were numbered with increasing numerals from the duodenal tip to the splenic end. The positions x's of 10 slices under examination, hatched in the illustration, were indicated with decimal subscripts dividing their original numerals by the total slice number.
MATERIALS AND METHODS
For further detail see text.
test lines at an interval of approximately 0.3 mm, which was not smaller than the diameter of the largest iselt section. To obtain a sufficiently large number of chords two histologic sections from two adjacent slices, as illustrated in Fig. 1 , were used for measurement at each position designated.
For the estimation of a quantity in regard to the whole pancreas, the measurements on all examined sections were pooled and weighted by the dimension of the area of individual pancreatic sections, which was planimetrically determined on their projection images.
In the treatment hereafter possible errors due to tissue contraction through the process of paraffin embedding were disregarded.
MATHEMATICAL TREATMENT
As derived in the report of Suwa et al. (1976) , the general relation to correlate the distribution N(r) of sphere radius r with the distribution F(a) of chord length A is expressed by 
RESULTS
The number, volume and mean radius of islets
The number Nv0 of islets in a unit volume of the pancreas was somewhat larger at the position x0 .1 than the numbers at the other positions (Fig. 4, Table 2 ), and a statistically significant difference was found between Nv0 (x0.1) and No (x0.7). The islet volume V0 per unit volume of the pancreas was found to increase gradually from x0.1 to x0,7, and quite steeply at x0 ,9 (Fig. 5 , Table 2 ). The arithmetic mean Vo (pooled) of Vo (pooled) calculated with regard to the whole pancreas showed an intermediate value between Vo(x0 .5) and V0(x0.7).Th e mean radius r of islets also showed a steady rise from x 0.1 to x0,9 ap proximately parallel to the increase of islet volume (Fig. 6 , Table 2 ) . The arith metic mean r (pooled) of mean radius r (pooled) in the seven pa ncreases was almost equal to r(x0 .5). 
Geometrical pattern of the distribution of islet radii
Geometrical pattern of the islet distribution is primarily determined by para meter m. Its value rose gradually from x0 ,1 to x0.9 ( Table 2 ). The arithmetic mean in (pooled) for the whole pancreas showed a value slightly larger than m(x0.5).
On the other hand, a definite positive correlation was noticed between the geometrical parameter m and the scalar parameter r0. The regression equation was given by
From m and Nv0 of Table 2 by using (7), N(r)'s were calculated for the different positions.
All the four curves show a conspicuously skew pattern (Fig. 7) . At the position x0,1 extremely high incidence of r smaller than 0.02 mm is noted, while at x0 .9 incidence of larger r is moderately increased, which would contribute much to Table 2 . 1 At the position x0.1 (the head). 2 At x0,5. 3 At x0,7. 4 At x0,9 (the tail). All the four curves show remark able skewness. Note extreme abundance of small islets at x0,1, in contrast suppressed decline of incidence of larger islets at x0.9. The total number and volume of islets
In the seven nondiabetic pancreases the total number of islets varied within the range of 3.630 X 106 to 14.796 X106; the value of the total islet volume also showed a remarkable variation between 0 .544 cm3 to 1.311 cm3 (Table 3) . No definite correlation was found between the two quantities .
DISCUSSIONS
Islet radius distribution curves estimated in the present st udy all showed an extremely skew pattern with high incidence of radii smaller than 0.02 mm (Fig. 7) . Hellman (1959a) calculated relative frequency distributions of islets of different size classes using the equation system derived by Wi cksell (1925, 1926) and also obtained asymmetrical curves . In his study , however, the number of i slets of radii smaller than 0 .023 mm was not taken into consideration , and all islet sections with diameters smaller than 0.042 mm (10 mm at 240-fold magnifica tion) were excluded from measurement. In fact, however, an unexpectedly large number of small islet sections are observed on precise inspection over a pancreatic section; further, as described by Neubert (1927) , insular buds in connection with pancreatic ductules composed of a single cell or a few with the specific granules are often recognized (Fig. 8 ). These were all included in the present measurements. The islet number per mm3 pancreatic volume varied with a wide range of 43.26 to 583.42 (Fig. 4) . The value is roughly several times larger than the range of 10.6 to 43.8 reported by Hellman (1959a) . The discrepancy would be principally due to the above-mentioned exclusion of small islets which constitute the majority of islet population in the latter report. On the other hand, the islet number in this study might be overestimated to some extent. As noticed in Fig. 7 , N(r) was estimated at a very high level even in the region of r near 0. It is clear that islets smaller than a single insular cell can not be present. However, no correction was made in the present study. For this problem it would be necessary to define geometrical shape and size of an insular cell. Maclean and Ogilvie (1955) proposed the islet number with a range of 6.4 to 23.9 per mg pancreatic weight by assuming a group of spheres of a uniform (medium-sized) radius for the islets. As already mentioned, such an assumption does not seem to be adequate in the case of pancreatic islets.
The islet volume per mm3 pancreatic tissue ranged from 0.0077 to 0.0378 mm3 and showed a progressive increase from the duodenal to splenic end ( Fig. 5 ; Table  2 ). A similar topographical trend was reported by Hellman (1959a) with 5 nondiabetic human pancreases and by Acosta et al. (1969) with 11 normal pancreases of adult mongrel dogs.
Topographical differences in the estimated parameters reflect the changes in the pattern of islet distribution from the duodenal portion x0.1 to the splenic end x0.9: the former is characterized by abundant small islets and a somewhat large number of islets, while the latter by moderate increase in larger islets that would contribute much to the steep increase of islet volume ( Table 2 ). The cause of the topographical difference in islet distribution remains as yet unknown. It might be attributed, as some authors suggested (Bargmann 1939; Bencosme and Liepa 1955) , to some difference between the ventral and dorsal pancreatic primordia in their potentiality to form islets.
Parameters for the whole pancreas can be approximately determined by the use of histologic sections taken from the range between x0 .5 and x07, or the midposition of the pancreas and the one-fourth position from the splenic end (Table  2) .
